Abstract. The present study aimed to investigate the role of microRNA (miR)-210 in the development of intervertebral disc degeneration (IDD). Human nucleus pulposus (NP) samples were collected from patients with scoliosis and IDD (n=12 each) as the scoliosis control and IDD groups, respectively. The expression levels of miR-210 were detected using reverse-transcription quantitative polymerase chain reaction. In vitro overexpression and knockdown of miR-210 in human NP cells were achieved by transfection of NP cells with lentiviral pre-miR-210 and antagomiR-210, respectively. The protein expression levels of homeobox A9 (HOXA9) were then detected in NP cells with modulated miR-210 using western blot analysis. Flow cytometry with allophycocyanin-Annexin V/7 and 7-aminoactinomycin D staining was also used to detect the proportion of NP cells with modulated miR-210 undergoing apoptosis. The current study revealed that the miR-210 expression was decreased in patients with IDD compared with that of the scoliosis control group (P<0.05). Furthermore, the upregulation of miR-210 with pre-miR-210 led to the repression of HOXA9. The HOXA9 level was significantly lower in these cells compared with that of NP cells treated with a corresponding negative sequence (P<0.05). Knockdown of miR-210 with antagomiR-210 resulted in upregulation of HOXA9 in NP cells, determined as the level of HOXA9 was significantly higher than that of NP cells treated with a negative sequence (P<0.05). The proportion of apoptotic NP cells also significantly decreased following treatment with pre-miR-210 compared with the scoliosis control group (12.1±1.43 vs. 23.8±1.22%, respectively; P<0.05). In conclusion, downregulation of miR-210 may promote Fas-mediated apoptosis in human IDD by regulating the expression of HOXA9. This indicates that miR-210 may be closely associated with the development of IDD and may act as a novel target in IDD treatment.
Introduction
Intervertebral disc degeneration (IDD) is considered to be a primary cause of degenerative spinal diseases, typically resulting in lower back pain, spinal canal stenosis and intervertebral disc herniation (1) . IDD manifests as a loss of proteoglycan and water content in the nucleus pulposus (NP) cells of intervertebral discs (2) . A previous study has demonstrated that young men are more likely to suffer from IDD than young women (3) . It has also been reported that the prevalence of IDD in adolescents and young adults was <10%, whilst its prevalence in middle adulthood was increased to 30-50% (4) . Although the etiology of IDD remains poorly understood, it is likely that IDD is associated with genetic and environmental factors (5) . Decreased nutrient supply to the disc cells is hypothesized to be a leading cause of IDD (6,7), but smoking, obesity, excessive biomechanical loading and other environmental factors may also be associated with the development of IDD (8) . Furthermore, variations in inflammatory and matrix-degrading genes may be critical in IDD development (1, 9) . Emerging evidence has indicated that microRNAs (miRNAs) may play a crucial role in the generation of IDD through the prevention of apoptosis in NP cells (5, 10) .
miRNAs are a class of small, regulatory, non-coding RNAs with a length of ~22 bp, which mediate gene silencing post-transcriptionally through the recognition of particular sequences in miRNAs (11) . It is of note that miRNA molecules have significant roles in modulating numerous biological pathways via the regulation of gene expression (12) . miRNAs typically inhibit translation, and the stability of miRNAs is associated with tumorigenic processes, including cell cycle regulation, inflammation, differentiation, stress response, invasion and apoptosis (13) . miRNA perturbations are relatively prevalent and highly involved in the development of a number of human diseases, including cancer, viral infections, and muscular and cardiovascular diseases (14) . As an important subtype of miRNAs, miR-210 expression appears to be associated with a variety of physiological processes, such as mitochondrial metabolism, cell survival, DNA damage repair, proliferation, angiogenesis, transport and protein modification (15, 16) . Notably, it has previously been reported that miR-210 may be involved in the occurrence, development and prognosis of numerous diseases and types of cancer. This occurs through regulation of the cell cycle, apoptosis, cell migration and angiogenesis, following its effect on the expression of associated genes in tumors (17) (18) (19) . Several prior studies have suggested that miR-210 regulates apoptosis by modulating subsequent protein expression in apoptotic signaling pathways (15, (20) (21) (22) . Although miR-210 may play important regulatory roles across multiple physiological and pathological processes in the body, the expression profile and the corresponding biological function of miR-210 in human IDD have not been investigated.
Therefore, the aim of the present study was to investigate miR-210 expression and its regulatory role in human IDD, with the possibility of providing associated novel therapeutic targets in the clinical therapy of IDD.
Materials and methods
Ethics statement. The present study was performed with the approval of the Institutional Review Board of the First Affiliated Hospital of Nanchang University (Nanchang, China) and written informed consent was obtained from all participants. Furthermore, the present study conformed to the ethical standards outlined in the Declaration of Helsinki (23) .
Subjects. The current study was conducted on 24 patients admitted to the Department of Pain Management of the First Affiliated Hospital of Nanchang University between October 2011 and March 2012. IDD tissues were obtained via anterior decompression in patients with scoliosis for the scoliosis control group (n=12), which contained 7 males and 5 female with a mean age of 11.5 years (range, 5-15 years). An additional 12 patients with IDD were also included, and NP of intervertebral discs were obtained during anterior arthrodesis as the IDD group, which included 8 males and 4 females with a mean age of 38.3 years (range, 26-66 years). All included patients had typical lumbocrural pain, with no acute or chronic infection and diabetes history. Intervertebral discs of the scoliosis control group were identified as Grade II and intervertebral discs of the lesion group were defined as Grade IV, according to the magnetic resonance imaging grading scale reported by Pfirrmann et al (24) . Tissue samples were dissected into the outer and inner annulus fibrosus and the NP. The NP was then isolated for subsequent use.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The total RNA of NP tissue samples was extracted using Invitrogen TRIzol kits (15596026; Thermo Fisher Scientific, Inc., Waltham, MA, USA) in accordance with the manufacturer's protocol. Total RNA was treated with DNase, and the purity, concentration and integrity of the total RNA were determined using a Nanodrop 2000 UV spectrophotometer (Thermo Fisher Scientific, Inc.) and agarose gel electrophoresis, respectively. Using an endogenous control U6 primer, the total RNA was reverse-transcribed to cDNA using a Superscript TM II RNase H Reverse Transcriptase Kit (Thermo Fisher Scientific, Inc.). miR-210 expression levels in NP cells were detected using a SYBR Green Real-Time PCR Master Mix kit (Toyobo Co., Ltd., Osaka, Japan) and qPCR was performed using a MiniOpticon Real-Time PCR machine (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The PCR reaction was conducted in a 20-µl reaction mixture containing 5.0 µl cDNA (1:20), 0.5 µl upstream primer, 0.5 µl downstream primer, 10 µl 2X SYBR Green PCR Master Mix and 4 µl dH 2 O. Using a specific primer for miR-210 (concentration, 150 nmol/l), the amplification was conducted for 40 cycles consisting of an initial denaturation step at 95˚C for 3 min, denaturation at 95˚C for 15 sec, annealing at 60˚C for 20 sec and a final extension at 72˚C for 20 sec. The PCR reaction was repeated three times for each gene. All RT-PCR products were analyzed using a melting curve followed by NuSieve gel electrophoresis (Lonza Group Ltd., Basel, Switzerland). All data were analyzed with the Opticon Monitor software, version 3 (Bio-Rad Laboratories Inc.) and normalized using the 2 -ΔΔCq method of relative quantification (25) . The primer sequences used were as follows: miR-210, 5'-GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG ACT CAG CC-3' and 5'-TGT GCG TGT GAC AGC GGC-3'; U6 RNA, 5'-CTC GCT TCG GCA GCA CA-3' and 5'-AAC GCT TCA CGA ATT TGC GT-3'. All sequences were synthesized by Invitrogen company (Thermo Fisher Scientific, Inc.). The quantification cycle (C q ) was calculated using the sequence detection software, as the cycle number at which the fluorescence signal crossed the baseline.
Cell culture. The NP tissues were isolated and trimmed into small pieces using ophthalmic scissors. The cells were digested for 40 min in 0.25% trypsin (Gibco; Thermo Fisher Scientific, Inc.), followed by a 4-h incubation with 0.025% type II collagenases (Invitrogen; Thermo Fisher Scientific, Inc.), both at 37˚C. The NP tissues were collected in a 15 ml sterile centrifuge tube. Then, 0.25% trypsin was added with (1:5) in 37˚C thermostat water bath for 30 min. The tube was shaken every 5 min and once the digestion was terminated, 250 x g centrifugation was conducted for 10 min. Subsequently, the supernatant was discarded and 0.2% collagenase, type II was added (1:5), followed by incubation in a water bath at 37˚C for 3-4 h, with the tube being shaken every 5 min. Following the completion of digestion, 3-4 ml D/F12 complete culture medium was added and the reaction was terminated. The digestive solution was filtered using a cell strainer (54 µm) and the filtration fluid was transferred to a new sterile centrifuge tube. Then, 250 x g centrifugation was conducted for 5 min and the supernatant was removed, followed by adding D/F12 complete culture medium. The remaining cells were cultured at 37˚C for 3 weeks in basal media (DMEM/F12 containing 15% fetal bovine serum and 1% glucose/streptomycin; M-5519; Sigma-Aldrich, St. Louis, MO, USA), and the medium was changed every 2 weeks. Adhesion and growth of cells were regularly observed using light microscopy (Eclipse 80i; Nikon Corporation, Tokyo, Japan). NP cells were then used for the subsequent in vitro experiments.
Lentivirus vector construction and transfection. The sequence of pre-miR-210 used for the upregulation of miR-210 in cells was attained from miRBase (http://www.mirbase.org/). Single-stranded antagomiR-210, modified by 2'-oxygen methylation, was used for the downregulation of miR-210. A negative control for the pre-miR-210 and a negative control for antagomiR-210 lentivirus vector were designed. Pre-miR-210 and antagomiR-210, as well as their negative controls were synthesized by Ambion (Thermo Fisher Scientific, Inc.) and purified using high performance liquid chromatography (Spectra Series P100 HPLC pump; Thermo Fisher Scientific, Inc.). Annealing was conducted in the synthesized primers and double enzyme digestion was conducted in targeting vector and annealed products. The purified enzyme digested products was directed connected to transfer to competent cells. Then PCR identification was conducted. The upstream and downstream primers were designed into the vector and the clone was identified as positive clone, suggesting targeting fragment was directly connected into the targeted vector. The positive clones were then undergone sequencing and analyzed to identify the successfully constructed plasma vector. Human NP cells were seeded into a 24-well dish at a density of 1.5x10 5 cells/well, to a final volume of the culture solution of 250 µl. NP cells were transfected at a multiplicity of infection (MOI) of 10, incubated at 37˚C for 5 h and allowed to recover in fresh culture medium for 96 h at 37˚C with 5% CO 2 (Fig. 1 ). Recombined human FasL (100 ng/ml; R&D Systems, Inc., Minneapolis, MN, USA) was added to induce the apoptosis of NP cells.
Western blot analysis.
Following washing with phosphate-buffered saline (PBS), total cell protein was extracted by lysis in radioimmunoprecipitation assay buffer, and the protein levels were detected with a bicinchoninic acid protein assay (Pierce Biotechnology, Inc., Rockford, IL, USA. To resolve the protein content, 100 µg protein per specimen was electrophoresed on NuPAGE (Invitrogen; Thermo Fisher Scientific, Inc.), transferred onto polyvinylidene fluoride membranes and blocked with PBS containing 5% dried skimmed milk. Rabbit anti-human Homeobox A9 (HOXA9) antibody (1:2,000; ab140631; Abcam, Cambridge, MA, USA) was added to detect the HOXA9 content, then the membrane was washed with Tris-buffered saline. Goat anti-rabbit immunoglobulin G, labeled with horseradish peroxidase (1:3,000; ab6721; Abcam) was added as a secondary antibody and the membrane was incubated at room temperature for 1.5 h. Finally, the membranes were rinsed with PBS and enhanced chemiluminescence reagents (Pierce Biotechnology, Inc.) were added.
Detection of NP cell apoptosis.
To evaluate NP apoptosis, cells were classified into four groups, as follows: i) NP iii) pre-miR-210 + 100 ng/ml FasL; iv) pre-miR-210 vector control + 100 ng/ml FasL; v) antigomiR-210 + 100 ng/ml FasL; and vi) antigomiR-210 vector control + 100 ng/ml FasL. Double staining was performed using allophycocyanin (APC)-Annexin V/7 and 7-aminoactinomycin D (7-AAD; BD Biosciences, San Jose, CA, USA) to detect apoptosis and necrosis in NP cells. Briefly, 1x10 6 cells were washed twice with PBS and resuspended in binding buffer. Cells were stained with Annexin V-APC and 7-AAD in binding buffer (in 100 mM HEPES, 140 mM NaCl and 2.5 mM CaCl 2 ) and cells were incubated at room temperature for 15 min. Cells were detected by flow cytometry with a Cytomics FC 500 MPL system and analyzed using CXP version 2.2 software (Beckman Coulter, Inc., Brea, CA, USA).
Statistical analysis.
All results are presented as the mean ± standard deviation. The paired Student's t-test was used to compare the two groups. Statistical analysis was conducted with SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA). A P-value of <0.05 was considered to indicate a statistically significant difference.
Results

Downregulation of miRNA-210 expression in IDD.
RT-qPCR was used to determine miR-210 expression in the IDD patients compared with the scoliosis controls (0.64±0.11 vs. 1.01±0.11), as reported in Fig. 2 . This comparison revealed lower miR-210 expression in IDD patients compared with that in the scoliosis control group (t=8.239; P<0.01).
Western blot analysis. Transfection at a MOI of 10 with a green fluorescent protein (GFP)-expressing lentiviral vector containing pre-miR-210 or antagomiR-210 generated high-level GFP expression (80%) in NP cells. FasL treatment of NP cells was found to increase the expression of HOXA9 (Fig. 3) . Upregulation of miR-210 using pre-miR-210 led to repression of HOXA9. The HOXA9 levels were significantly lowered compared with those in FasL-group and pre-miR-210 vector control + FasL group (P<0.05). In addition, knockdown of miR-210 with antagomiR-210 resulted in overexpression of HOXA9 in the NP cells, while the HOXA9 expression levels were significantly higher compared with those in FasL-group and antagomiR-210 vector control group (P<0.05). By contrast, the lentiviral vector transfected with scrambled sequences had no significant effect on the expression of HOXA9 (P>0.05).
Overexpression of miR-210 induces apoptosis of NP cells.
Compared with the FasL-group (5.11±0.23%), the apoptosis rates in other groups were significantly increased (P<0.05). Compared with the pre-miR-210 + FasL group, the FasL+ group showed an increasing trend in apoptosis rate (11.7±1.02 vs. 22 (Fig. 4A and B) .
Discussion
miRNAs are considered to be key modulators in a number of biological and pathological cellular processes, including proliferation, migration, differentiation, apoptosis and carcinogenesis (10, 26, 27) . miRNAs bind to the 3'-untranslated region (UTR) of their target mRNAs, and they partially or completely suppress the translation of mRNA to protein, or affecting the cleavage of mRNA (26, 28) . Emerging evidence has revealed that the apoptotic pathogenesis of IDD may be regulated by miRNAs (10, 29) ; however, the mechanisms by which specific miRNAs affect the development of IDD remain incompletely understood. The present study aimed to explore the regulatory role of miR-210 in the development of IDD, and to investigate the underlying activity of miR-210 in IDD. miR-210 was demonstrated to be downregulated in NP cells when compared with control cells from patients with scoliosis, suggesting that decreased miR-210 expression may be associated with an increased risk of IDD. It has previously been demonstrated that miR-210 appears to be involved in tumor initiation and may be upregulated in hypoxic cells (30) . In addition, miR-210 may have a regulatory role 
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in the immune response to inflammation, apoptosis and viral infection (31) (32) (33) . In a previous study examining miR-210 as a sensor of hypoxic stress in tumorigenesis, HOXA9 was validated as an miR-210 target gene using a standard 3'UTR luciferase assay (30) . In the current study, miR-210 and HOXA9 levels were confirmed to be negatively correlated in the cytoplasm of human NP cells. (34) . Previous evidence suggests a decrease in FasL and an increase in Fas expression in numerous human diseases, including during IDD development (35) . In agreement with the current study, previous studies have confirmed that increased apoptosis of NP cells is observed in patients with IDD, but the etiology of this remains to be elucidated (15, 21) . The apoptosis of NP cells significantly decreased following treatment with pre-miR-210 to upregulate miR-210 in NP cells, suggesting that upregulation of miR-210 may inhibit the development of IDD through its inhibitory effects on apoptosis. miR-210 may therefore have an important regulatory role in IDD development, and may represent a novel target of IDD treatment.
However, the present study has a number of limitations. Firstly, tissue from patients with scoliosis represented the scoliosis control group, but it is established that intervertebral discs in patients with scoliosis may not have a normal histopathology (36) , which may have a slight influence on the association of miR-210 with IDD development. Furthermore, human NP cells have not been extensively studied due to the lack of established cell culture conditions, diagnostic cell surface markers and established cell lines; thus, further investigation is required to validate the clinical application of the results of the present study. Finally, the small sample sizes used in the current study may affect genetic associations due to random variation, which limits the statistical accuracy and validity of these data. Thus, subsequent investigations into the role of miR-210 in human IDD require a larger sample size to achieve a more reliable outcome.
In conclusion, the present study indicated that the downregulation of miR-210 may promote Fas-mediated apoptosis by regulating HOXA9 protein expression, suggesting that miR-210 may have a significant role in the etiology of IDD. Furthermore, miR-210 upregulation in human NP cells appeared to inhibit NP cell apoptosis, indicating that this may represent a novel target in IDD treatment.
